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Smith-Kingsmore syndrome (SKS) OMIM #616638, also known as MINDS syndrome (ORPHA
457485), is a rare autosomal dominant disorder reported so far in 23 patients. SKS is character-
ized by intellectual disability, macrocephaly/hemi/megalencephaly, and seizures. It is also asso-
ciated with a pattern of facial dysmorphology and other non-neurological features. Germline or
mosaic mutations of the mTOR gene have been detected in all patients. The mTOR gene is a
key regulator of cell growth, cell proliferation, protein synthesis and synaptic plasticity, and the
mTOR pathway (PI3K-AKT-mTOR) is highly regulated and critical for cell survival and apopto-
sis. Mutations in different genes in this pathway result in known rare diseases implicated in
hemi/megalencephaly with epilepsy, as the tuberous sclerosis complex caused by mutations in
TSC1 and TSC2, or the PIK3CA-related overgrowth spectrum (PROS). We here present 4 new
cases of SKS, review all clinical and molecular aspects of this disorder, as well as some charac-
teristics of the patients with only brain mTOR somatic mutations.
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1 | INTRODUCTION
Smith-Kingsmore syndrome (SKS) (MIM 616638), also known as
MINDS (ORPHA 457485), is a rare syndrome, first described by
Smith et al1 and caused by mutations in the mammalian target of
rapamycin (mTOR, MIM 601231) gene. The most consistent findings
in SKS are intellectual disability (ID), developmental delay, megalence-
phaly and seizures (Table 1). There is moderate clinical variability,
ranging from patients with macrocephaly, mild ID, and no convul-
sions, to severe forms in patients with intractable epilepsy, megalen-
cephaly, severe ID, and autistic spectrum disorder (ASD). Other non-
neurological features include facial dysmorphisms and small thorax.
SKS belongs to the group of “mTORopathies,” a term introduced
to describe neurological disorders characterized by altered cortical
architecture, abnormal neuronal morphology and intractable epilepsy
as a consequence of mTOR signalling hyperactivation, providing prob-
ably a histopathological substrate for epileptogenesis.2,3 These
mTORopathies-related epilepsies include: SKS, isolated hemimegalen-
cephaly, ganglioglioma, focal cortical dysplasia (FCD), and tuberous
sclerosis complex (TSC).2,4
Macrocephaly and hemi/megalencephaly—with or without normal
cortex—is a rather prevalent clinical feature among different types of vas-
cular and/or overgrowth syndromes caused by germline or post-zygotic
mutations in different genes in the PI3K-AKT-mTOR pathway:
megalencephaly-polymicrogyria-polydactyly-hydrocephalus syndrome
(AKT3 and PIK3R2),5,6 megalencephaly-capillary malformation (MCAP;
PIK3CA),7 Bannayan-Riley-Ruvalcaba syndrome (PTEN),8 Tenorio syn-
drome (RNF125),9 isolated hemimegalencephaly (PIK3CA and AKT3),10
and with syndromes with epilepsy, hemimegalencephaly and/or FCD due
to mutations in DEPDC5, NPRL2 and NPRL3 genes, involved in mTORC1
regulation.11 Axial skeletal overgrowth is not affected by mutations in
mTOR, but megalencephaly is clearly a finding.12 The main differences
between the syndromes involved in this pathway are based on: (1) its
germinal or somatic origin, causing generalized or segmental distribution
patterns as in hemi or megalencephaly, (2) the degree of mosaicism, and
(3) the presence of distinctive extra-cerebral manifestations, mostly the
vascular malformations, nevi, and adipose overgrowth frequently found
in the PIK3CA-related overgrowth spectrum (PROS).10,13–15
The mTOR gene is a key regulator of cell growth, cell prolifera-
tion, protein synthesis and synaptic plasticity. The mTOR pathway is
highly regulated and critical for cell survival and apoptosis. It is known
that mTOR negatively regulates autophagy in response to growth fac-
tors, nutritional status and stress responses. Thus, it would appear
that impaired autophagy in neurons is directly related to unregulated
expression of mTOR and that this plays some role in epilepsy.12
mTORC1 inhibitors, including drugs currently approved for a variety
of conditions, are clinically available inducers of autophagy.
The prevalence of SKS, with 23 patients reported so far, is still
unknown. We here report on 4 new SKS patients with mTOR muta-
tions and review all the clinical characteristics and molecular aspects
of this disorder. We also discuss some characteristics of patients with
brain somatic mutations in mTOR who show some similarities with
individuals with SKS.
TABLE 1 Clinical findings in Smith-Kingsmore syndrome (SKS)
Very common (observed in more than 75% of patients)
Intellectual disability 24/26 92.3%
Macrocephaly/megalencephaly 24/27 88.9%
Seizures 17/23 73.9%
Frequent (observed in 25%-75% of patients)
CNS anomalies (other than
hemimegalencephaly)
16/24 66.7%
Curly/wavy hair 8/13 61.5%
Ventriculomegaly 13/24 54.2%
Macrosomia at birth/large for
gestational age
12/27 44.4%
Speech anomaly 9/27 33.3%
Dysmorphic facial features 9/27 33.3%
Autistic spectrum disorder 8/27 29.6%
Rare (observed in less than 25% of patients)
Hypotonia 5/27 18.5%
Diastasis recti/herniae 4/27 14.8%





Abnormal corpus callosum 4/27 14.8%
Small thorax 4/27 14.8%
Hyperactivity 3/27 11.1%
Café-au-lait spots 3/27 11.1%
Pes planus/talipes 3/27 11.1%
Abnormal gait 3/27 11.1%
Polymicrogyria 2/27 7.4%
Prominent abdomen 2/27 7.4%
Hemangiomas 2/27 7.4%
Iris colobomata 2/27 7.4%
Criptorchydism 2/27 7.4%
Asthma 2/27 7.4%
Lactose intolerance 2/27 7.4%
Hypospadias 1/27 3.7%
Neonatal hypoglycaemia 1/27 3.7%
IgA deficiency 1/27 3.7%
Persistent food allergies 1/27 3.7%
Intestinal polyps 1/27 3.7%
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2 | PATIENTS, MATERIALS AND METHODS
2.1 | Patients
All studies in this project were approved by the Ethics Committee of
the Hospital Universitario La Paz (reference PI-1919), with informed
consent. We retrospectively reviewed the patients enrolled in the
Spanish Overgrowth Registry (RESSC),16 selecting those with macro-
cephaly. Four patients from 3 families were finally enrolled. Patient
1 had macrocephaly and ID, and the other 3 patients were referred
with clinical diagnosis of macrocephaly-capillary malformation.
To update the phenotype in SKS, we performed a retrospective
review of the clinical characteristics including the 4 patients
described herein, and the 23 patients previously reported to date
(Table 2). These patients were ascertained from a series of patients
with focal epilepsy, ID, brain anomalies and megalencephaly or
hemimegalencephaly.1,12,17–22 Reported patients with only brain
somatic mutations of mTOR were also reviewed.10,17,23–25
2.2 | NGS studies
Genomic DNA was extracted from peripheral blood lymphocytes
from all patients. DNA was also extracted from saliva, hyperpigmen-
ted skin and hypopigmented skin samples from Patient 2.
A deep Next Generation Sequencing (NGS) panel, with an aver-
age expected reading depth of ×500, was designed to study 20 genes
known to cause developmental syndromes characterized by over-
growth and/or vascular anomalies in the form of somatic mosaicism:
mTOR, NRAS, AKT3, PIK3CA, FGFR3, RASA1, TSC1, GNAQ, PTEN,
HRAS, PTPN11, KRAS, CCND2, AKT1, DICER1, TSC2, NF1, MAP3K3,
PIK3R2, and AKT2. NGS custom panel was designed with NimbleDe-
sign software (Roche NimbleGen, Inc., Pleasanton, CA): hg19 NCBI
Build 37.1/GRCh37, targeting >98% of all exons (RefSeq) for these
genes. For each sample, paired-end libraries were created according
to the standard NGS protocols KAPA HTP Library Preparation Kit for
Illumina platforms, SeqCap EZ Library SR and NEXTflex-96 Pre Cap-
ture Combo Kit for indexing. The captured DNA samples were
sequenced on a NextSeq 500 instrument (Illumina, Inc., San Diego,
CA) according to the standard operating protocol.
The analysis of the sequenced reads was performed with 2 differ-
ent in-house bioinformatic pipelines: germline and mosaic. In the
germline pipeline, the reads were filtered and low-quality nucleotides
were removed. Bowtie226 was used for mapping and local realign-
ment/recalibration was performed around indels to improve possible
mapping-related misalignment. The variant discovery was carried out
by a combination of GATK Haplotype Caller27 and LACONv
(in preparation) tools.
In the mosaic pipeline, variants were analyzed with independent
tools under very low constraints of quality and depth. Variants were
identified with samtools mpileup28 followed by variant calling using
bcftools v1.3.29 The quality per alignment and nucleotide were set to
0.7. Then, this first raw vcf file was annotated with their alternative
variant allele fraction (AVAF) and the maximum of alternative variant
allele fraction (MAVAF) in those sites with more than 1 alternative
allele identified. The variants with AVAF below the threshold were
filtered. In addition, the vcf file was reformatted by splitting the mul-
tiallelic sites into these primitives and the variant positions were nor-
malized. Finally, the vcf were enriched with information of the
overlapping of each variant in a sample with the remaining samples
of the run.
2.3 | Sanger sequencing and pyrosequencing
Non-mosaic heterozygous variants and variants present in more than
15% of the reads in the deep-sequencing data were validated by
Sanger sequencing in DNA blood samples from patients, parents, and
in sperm sample from the father of Patients 3 and 4 (siblings). Primers
were previously designed using Primer3 (http://bioinfo.ut.ee/primer3-
0.4.0/) and SNPs Check3 (https://secure.ngrl.org.uk/SNPCheck/)
tools. Sequencing was performed using polymerase chain reaction
standard methods and a 96-capillary ABI 3730xl ADN analyser
(Applied Biosystem, Foster, California). Mosaic variants between the
5% and 15% read fraction range were confirmed by pyrosequencing.
Primers were designed with the PyroMark software, and pyrosequen-
cing was performed with the PyroMark Q96 MD instrument (Qiagen,
Hilden, Germany), according to manufacturer’s protocol.
3 | RESULTS
3.1 | Clinical features in SKS
Clinical features in our 4 new patients with SKS and the review of
the 23 patients previously described in the literature up to date,
including clinical, radiological and genomic findings, are summarized
in Table 2. Facial features in our patients are shown in Figure 1.
Macrocephaly and hemi/megalencephaly—mostly with central
nervous system (CNS) magnetic resonance imaging (MRI) findings—
were found in 88.9% of individuals with SKS. Mean values of macro-
cephaly in all reported patients is +3.83 (0.98) SD, in the moderate
to severe range. Hydrocephalus, ASD, seizures (see below) and atten-
tion deficit hyperactivity disorder (any of them) are usually present
(Table 1). Generalized hypotonia may be present in small children
with SKS. In some cases, only non-specific MRI abnormalities, includ-
ing thin corpus callosum and/or ventricular dilatation, can be found.
FCD seems to be more frequent in patients with brain mosaic muta-
tions in mTOR than in patients with SKS.
Convulsions and associated symptoms are constant findings
(73.9%). Electroencephalogram (EEG) anomalies includes: right occipi-
toparietal spikes and slow activity, theta activity intermixed with nor-
mal background activity, polyspike waves and slow waves activity,
slow and sharp waves during sleep (both diffuse and focal), persistent
diffuse sharp and slow wave activity, mild slow background, diffuse
and centro-temporal epileptiform discharges, irregular slowing of
background rhythms and frequent bursts of generalized slow wave
convulsions.
ID is common in SKS, and may be severe, moderate or mild. It
could appear alone or in combination with delay or absent speech, as
well as distorted articulation.




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































768 GORDO ET AL.
Some patients exhibit, when reported, a pattern of facial dys-
morphology. At least 2 different phenotypes or gestalts have been
described. One group of patients present a Noonan syndrome-like
aspect, including curly hair, frontal bossing, tall forehead, down-
slanting palpebral fissures, bitemporal narrowing, an open mouth
appearance, a prominent and long philtrum, flat nasal bridge,
macrostomia, an open mouth posture, hypertelorism, and a short
nose with a depressed nasal bridge. Other individuals show only
large forehead, macrocephaly and triangular face, with pointed
chin, or a face without a constant pattern or typical gestalt
(Figure 1). The neck may be short or normal. Only a few patients
have a webbed neck.
FIGURE 1 Facial features of patients with Smith-Kingsmore syndrome. Patients 1, 2, 3 and 4 show mixed characteristics of the 2 different
phenotypes or gestalts described so far: macrocephaly (P1, P2, P3, P4), large forehead (P2, P3, P4), bitemporal narrowing (P1, P3, P4),
hypertelorism (P2, P3, P4), downslanting palpebral fissures (P4), an open mouth appearance (P1, P2, P4), long philtrum (P3, P4), and triangular
face with pointed chin (P1, P3, P4). Uncommon clinical features included facial capillary malformation (slightly appreciable in P3), deep set eyes
(P1), strabismus (P3), smooth philtrum (P2, P3, P4) and posteriorly rotated ears (P4)
FIGURE 2 Next-generation sequencing results and variants validation by Sanger sequencing or pyrosequencing. (A) de novo mTOR
heterozygous variant c.5395G>A (p.Glu1799Lys) in Patient 1, constitutive mosaic variant c.4448G>A (p.Cys1483Tyr) in Patient 2 with different
mosaicism levels in blood, saliva and hypopigmented skin, and the heterozygous variant c.6605T>G (p.Phe2202Cys) in Patients 3 and
4. (B) Sanger sequencing showing variants from Patients 1 to 4. For Patient 2, Sanger from saliva sample shows a very low peak of A (panel B:
Patient 2, black arrow) representing the low mosaicism. (C) Pyrosequencing results from different sample types in Patient 2. Black arrows show
different mosaicism levels in each tissue (blood 3%, saliva 11.4%, hyperpigmented skin 18% and hypopigmented skin 20%)






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































770 GORDO ET AL.
Some patients had capillary malformations—similar to those
observed in MCAP—hemangiomata, hepatic vascular malformations,
and a small thorax with protruding abdomen. Unlike some over-
growth syndromes, visceromegaly is not common. Cryptorchidism
has been observed only in 2 siblings, and one patient also had hypo-
spadias. Multiple intestinal polyps described by Moosa et al in a 7-
year-old brother12 should be taken into account in SKS as reported
patients may not have been evaluated for this or may not be old
enough to have developed polyps yet.
3.2 | Molecular results
There is no clear genotype-phenotype correlation in either the
27 patients with SKS or in the 27 cases described with somatic brain
alteration. The variants described are located along all exons of
mTOR. However, there are some hotspots: the c.5395G>A;p.
Glu1799Lys gain-of-function (GOF) variant affecting the FRAP–
ATM–TTRAP (FAT) domain of the protein has been detected in
48.1% (13/27) of SKS patients (Figure 2, Table 2), and in cases with
brain somatic mTOR variants the most frequently affected amino acid
is the serine at position 2215 (p.Ser2215Phe and p.Ser2215Tyr),
found in 37% (10/27) of the patients (Table 3). The remaining
patients with SKS or somatic alterations had different less or not
recurrent mutations, mostly affecting the FAT (22/31, 71.0%) and
kinase (6/31, 19.4%) domains of the protein (Figure 3). No mutations
have been described in the FKBP12-rapamycin-binding (FRB) or C-
terminal FAT (FATC) domains, neither in SKS nor in somatic cases.
The penetrance in SKS seems to be 100% as all patients with a germ-
line or mosaic mTOR mutation have had clinical findings; however,
this may change in the future due to current ascertainment bias.
Germline mTOR mutations have been found in 92.6% (25/27) of
the patients with SKS. One of the patients reported by Ghahramani,
as well as Patient 2 (P2) described in this study, had constitutive,
mosaic mTOR mutations, because the mutated allele was detected in
low percentages in all tissues studied, including blood. Case 2 from
Ghahramani showed increased abundance of the mutant allele in the
affected skin (36%) vs blood (1%).20 In our study, Patient 2 showed
by NGS the mutant allele in 2% (12/720) of the reads in blood sam-
ple, 11% (39/341) in saliva, 18% (only by pyrosequencing) in hyper-
pigmented skin, and 28% (76/268) in hypopigmented skin, all
confirmed by pyrosequencing (Figure 2).
In 9 out of 27 SKS patients (33.3%) gonadal mosaicism has been
suspected. In the case of the family studied by Baynam et al, the
mutation p.Glu1799Lys was transmitted in the mother’s germline, as
all 3 children had different fathers.21 In the family reported by
Mroske et al, the mutation p.Glu1799Lys found in 2 siblings (of 6 and
23 years) was not detected in blood sample of either parent.19 In the
family reported by Moosa et al, high-depth sequencing of parental
blood samples did not detect the presence of mosaicism for the
mutation p.Glu1799Lys, which could be localized in the chromosome
of paternal origin.12 In the family described herein the mutation p.
Phe2202Cys was detected in blood samples from the 2 siblings, and
was not present in blood samples from either parent or sperm sample
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4 | DISCUSSION
SKS is a rare, recently described disorder of the mTOR pathway. We
report 4 new patients, review the literature for previously published
cases of SKS, and compare them with reported cases of brain somatic
mTOR variants.
SKS belongs to the group of “mTORopathies,” which also
includes patients with mTOR somatic mutations—as tissue
mosaicism—including neoplastic tissues (Table 3), and patients with
mutations in other mTOR regulatory genes (eg, TSC1, TSC2, AKT3,
DEPDC5) (Figure 4). We have decided to maintain the eponym SKS
only for patients with mTOR mutations present in all tissues, either
germinal or as a constitutive mutation present in mosaic form, there-
fore present in all cell types but not in 100% of the cells, to which
hereafter we will call “constitutive mosaicism.”
Analysing the 4 patients described here and the 23 cases of SKS
previously reported in the literature, we have seen that the major
diagnostic features of SKS are ID (92.3%), macrocephaly/megalence-
phaly or hemimegalencephaly (88.9%) and seizures (73.9%). Non-
neurological symptoms are also common, and a facial gestalt is
FIGURE 3 Germline mutations described in mTOR in patients with Smith-Kingsmore syndrome (upper panel, blue bars) and somatic mutations
in patients with only brain involvement (lower panel, red bars). Data represent the localization and the frequency for each mTOR mutation. N: N
terminus; C: C terminus. Note that the vast majority of germline mutations (blue bars) clustered in the FAT and kinase domains
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variably present and can include some Noonan-like facial features
and an open mouth appearance. Nevertheless, because the
23 patients previously described were ascertained from a series of
patients with focal epilepsy, ID, brain anomalies and megalencephaly
or hemimegalencephaly, there could be a bias toward neurological
phenotypes, giving less importance, or not reporting, other clinical
manifestations more frequently described in (germline or somatic)
syndromes of the PI3K-AKT-mTOR pathway. Remarkably, 3 of the
4 patients described here were referred with an initial diagnosis of
MCAP, showing common features in patients with somatic PIK3CA
mutations (nevus, skin hyperpigmentation, etc.). Thus, mTOR muta-
tions should be considered in those patients with phenotypic overlap
with the PIK3CA spectrum or other syndromes within this pathway. A
list of relatively common findings can be found in Table 1.
The variants in mTOR in patients with SKS are distributed all over
the gene, and there is great phenotypic variability within patients show-
ing the same mutation, even among those with germline mutations. As
with most vascular and/or overgrowth syndromes within the differential
diagnosis, all mTOR mutations reported in patients with SKS cause GOF
in the pathway. However, there are no clear genotype-phenotype corre-
lations. Mutations in the FAT domain are frequent, especially the recur-
rent variant p.Glu1799Lys, detected in 48.1% of the patients with SKS.
It has been functionally showed that some mutations in the FAT
domain, especially the variant Cys1483Phe, detected in 3/27 patients
with SKS and 2/27 patients with only brain mTOR somatic mutations,
may decrease the binding of the mTOR endogenous inhibitor Deptor.
This suggests that mutations in the FAT protein domain could increase
mTOR activity by a decrease in its inhibition; still, it cannot be ruled out
FIGURE 4 The PI3K/PTEN-mTOR pathway regulating cell growth and proliferation. mTOR is activated by signalling through the PI3K-Akt
pathway. PTEN, TSC1, and TSC2 act as negative regulators of the mTOR pathway, and removal or loss-of-function mutations lead to
hyperactivation of mTOR. mTOR complex 1 (mTORC1) signalling requires activation of the adaptor protein Raptor, and mTOR complex
2 (mTORC2), which is largely insensitive to acute rapamycin treatment, requires activation of the Rictor protein. GATOR1: GAP activity toward
Rags (GATOR) complex is composed by Depdc5, Nprl2 and Nprl3. DEPDC5 along with TSC1 and TSC2, acts as a negative regulator of
mTORC1. Both TSC1 and TSC2 provide critical regulation of mTORC1 through the GTPase-activating protein (GAP) activity of the TSC protein
complex towards the RHEB GTPase. Similarly, the GATOR1 complex provides critical regulation of mTORC1 through its GAP activity on the Rag
GTPases. Loss of either of these protein complexes through loss of any one of their critical protein components leads to high-level activation of
mTORC1, and downstream effects on anabolic processes, including synthesis of all components needed for organelle synthesis, protein
translation, and an increase in cell size
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that these mutations, as well as mutations outside the FAT domain, gen-
erate an increase of mTOR kinase activity.30
Gonadal mosaicism, both of maternal and paternal origin, seems
to be highly common in SKS (33.3%), which has implications for
genetic counselling. Specifically, a relatively high recurrence risk, com-
pared to de novo mutations, should be considered, although precise
recurrence risks cannot currently be provided. A recent hypothesis
proposed that the mTOR GOF mutation p.Glu1799Lys—present in
the 3 families with gonadal mosaicism described then—represents a
mutational hotspot in somatic cells (eg, germline and colorectal tis-
sues)12. However, these figures may change in the future due to cur-
rent ascertainment bias.
Germinal mutations, either de novo, inherited from affected par-
ents or due to gonadal mosaicism, were present in 92.6% of the
patients with SKS. However, 2 of the 27 patients with SKS have
mosaic mTOR mutations in all tissues studied, which has important
implications for accurate molecular diagnosis (traditional techniques
do not detect low mosaicism) and for genetic counselling (ie, recur-
rence risk and follow-up). It has been suggested that the percentage
of mosaicism in somatic mutations could be correlated with the
extent of the cerebral malformation,18 but this is not the case in all
patients. Some patients with germinal mutations only present neuro-
logical symptoms and some do not show cerebral malformations, in
contrast to reported individuals with somatic (Table 3) mutations.17
These differences could be explained if germline mutations were
less activating than somatic mutations, or by the undetected pres-
ence of other affected genes, either with germinal or somatic involve-
ment.17 Perhaps a combination of these two lies behind the lack of
correlation between genotype and phenotype. Different mTOR muta-
tions could have different effects on the pathway, especially if it is
already differentially modulated by other variant/s in other gene/s. In
addition, clarifying these aspects could be of great importance for the
use of mTOR inhibitors such as rapamycin, as it efficiently inhibits
mTORC1 but not mTORC2, two complexes with different down-
stream functions (Figure 4). A recent study in renal cell carcinomas
reported that although mutations in the FAT domain of mTOR led to
an increase in both mTORC1 and mTORC2 activities, several of these
mutations showed residual mTOR kinase activity after treatment with
rapamycin at clinically relevant doses.31 More studies on the effects
of different mTOR mutations, as well as on other types of small mole-
cules able to modulate the PI3K/AKT/mTOR pathway, are needed.
Diagnosis in SKS is suspected on the clinical findings and is
molecularly confirmed with the detection of germline or constitutive
mosaic mutations in mTOR. Due to the wide differential diagnosis, as
well as to the possibility of mosaicism—with variable alternative allele
fractions depending on the studied tissue—we recommend an
approach based on the use of deep coverage NGS, testing all genes
in the differential diagnosis. Consistent with the gain of function
mutations observed in SKS, microdeletions of the gene have not been
reported. No biochemical or serologic pathognomonic markers have
been documented in patients with SKS. Management in SKS includes
treatment of epilepsy and multidisciplinary support. Possible future
treatments with rapamycin, or other mTOR inhibitors, may be promis-
ing for the prevention of neurocognitive manifestations, including
epilepsy, but still needs to be tested.32
In conclusion, SKS, caused by germline or mosaic mutations in
the mTOR gene, is a recently described and clinically discernible disor-
der characterized mainly by ID, macrocephaly/hemi/megalencephaly,
and seizures. Facial dysmorphism and other non-neurological mani-
festations, may also provide diagnostic clues in some individuals.
However, there is a high phenotypic overlap with other syndromes
associated with the PI3K-AKTmTOR pathway (ie, MCAP). Since the
best tool to make a clinical diagnosis is to think about a specific diag-
nostic possibility, this paper presents for the first time an in-depth
review of this rare disease, which may help not only in the improve-
ment of the clinical diagnosis but also in the diagnostic approach. We
have also confirmed mosaic mTOR mutations present in all studied
tissues (including blood) as a cause in SKS, which have consequences
in terms of phenotype and diagnosis. Similarly, the review of all avail-
able aspects to date may also be of interest for further clinical man-
agement, follow-up, and therapeutic approaches (ie, mTOR inhibitors)
on this group of patients.
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